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IN THE CLAIMS: 

Please add the following claims: 

21 . An apparatus to treat a solution comprising ions, the apparatus 

comprising: 

(a) an electrochemical cell comprising a housing with first and 
second electrodes, an Ion exchange membrane between the electrodes, and a solution 
channel; 

(b) a voltage supply to provide a voltage across the first and 

second electrodes; 

(c) a flow control device to control the flow of solution through the 
solution channel of the cell; and 

(d) a controller to control the voltage supply and flow control 

device to: 

(i) in an ion removal step, maintain the first electrode as the 
positive electrode and the second electrode as the negative electrode relative to the first 
electrode, and flow solution through the solution channel; and 

(ii) in an ion rejection step, maintain the first electrode as 
the negative electrode and the second electrode as the positive electrode relative to the 
first electrode, and reverse the flow direction of the solution through the solution channel. 

22. An apparatus according to claim 21 wherein in the ion rejection step, 
the controller reverses the polarity of the first and second electrodes relative to the polarity 
of the electrodes in the ion removable step. 

23. An apparatus according to claim 21 wherein the voltage supply 
applies a time modulated voltage to the first and second electrodes. 
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24. An apparatus according to claim 23 wherein in the ion removal step, 
the voltage supply applies a first time modulated voltage to the electrodes, and in the ion 
rejection step, the voltage supply applies a second time modulated voltage to the 
electrodes, and wherein the first time modulated voltage has a first magnitude and the 
second time modulated voltage has a different magnitude than the first magnitude. 

25. An apparatus according to claim 21 wherein in the ion removal or 
rejection step, the voltage supply applies to the first and second electrodes a constant 
voltage level or a pulsed voltage level. 

26. An apparatus according to claim 21 wherein the voltage supply 
applies a pulsed voltage level having one or more duty cycles. 

27. An apparatus according to claim 21 wherein the voltage supply 
includes a polarity switch to switch the polarity of the voltage applied to the first and 
second electrodes. 

28. An apparatus according to claim 27 wherein the voltage supply 
provides a variable DC voltage by haif-wave or full-wave rectification of an AC voltage, 

29. An apparatus according to claim 21 further comprising an ion sensor 
to (i) measure an ion concentration of the influent solution, at least partially treated 
solution, or effluent solution, and (ii) generate an ion concentration signal;and 

wherein the controller receives the ion concentration signal and sends a control 
signal to the voltage supply to adjust the voltage applied to the electrodes In response to 
the ion concentration signal. 

30. An apparatus according to claim 21 wherein the membrane comprises 
a cation exchange surface facing the first electrode and an anion exchange surface facing 
the second electrode, and the solution channel allows the solution to flow past both the 
anion and cation exchange surfaces of the Ion exchange membrane. 

S:VCUENTVIONEnCSVPION.2.US\prelfevi.amand.001 xloc 



PAGE S/13 • RCVD AT 6/1712005 5:37:37 PM [Eastern DayOgM Time] ' 8VR:U8PTO-EFXRF-1M * DN18:872«308 • C8ID:415 538 8380 * DURATION (mm-ss):0448 



Jun 17 2005 2^: 37Pri Janah & Rssociates, Inc. 415 538 8380 p. 6 

Application. No: 10/637,186 
Page 4 of 11 

31 . An apparatus according to claim 21 wherein thie electrochemical cell 
comprises an influent solution Inlet abutting the first electrode and effluent solution outlet 
abutting the second electrode. 

32. An apparatus according to claim 31 wherein in the ion removal step 
the controller operates the flow control device to supply the solution through the influent 
solution orifice, and in the ion rejection step the controller operates the flow control device 
to supply the solution through the effluent solution inlet. 

33. A method of treating a solution comprising ions in an electrochemical 
cell comprising a housing comprising first and second electrodes, an ion exchange 
membrane between the electrodes, and a solution channel, the method comprising: 

(a) in an ion removal step, maintaining the first electrode as the 
positive electrode and the second electrode as the negative electrode relative to the first 
electrode, and flowing solution through the solution channel; and 

(b) in an ion rejection step, maintaining the first electrode as the 
negative electrode and the second electrode as the positive electrode relative to the first 
electrode, and reversing the flow direction of the solution through the solution channel. 

34. A method according to claim 31 wherein the ion rejection step 
comprises reversing the polarity of the first and second electrodes. 

35. A method according to claim 31 comprising applying a time modulated 
voltage to the first and second electrodes. 

36. A method according to claim 35 comprising measuring an ion 
concentration of the at least partially treated influent solution and varying the magnitude of 
the time modulated voltage in response to the measured ion concentration. 
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37. A method according to daim 31 comprising applying to the first and 
second electrodes a constant voltage level or a pulsed voltage level. 

38. A method according to claim 37 comprising applying a pulsed voltage 
level having one or more duty cycles. 

39. An apparatus to treat a solution comprising ions, the apparatus 

comprising: 

(a) an electrochemical cell comprising a housing with first and 
second electrodes, an ion exchange membrane between the electrodes, and a solution 
channel; 

(b) a variable voltage supply to provide a voltage across the first 
and second electrodes; and 

(c) a controller to control the variable voltage supply and flow 

control device to: 

(1) In an ion removal step» flow solution through the solution 
channel while applying a voltage to the first and second electrodes to deionize the 
solution; and 

(ii) in an ion rejection step, regenerate the ion exchange 
membrane by flowing solution through the solution channel while (1) in a first regeneration 
step, supply a first voltage to the electrodes of the cell for a time period, and (2) in a 
second regeneration step, supply a second voltage to the electrodes of the cell for a time 
period, the second voltage being a different voltage than the first voltage. 

40. An apparatus according to claim 39 wherein the first and second 
voltages have different magnitudes. 

41 . An apparatus according to claim 40 wherein the first and second 
voltages have negative values relative to the voltage applied in the ion removal step. 

42. An apparatus according to claim 39 wherein the first and second 
voltages are each a fixed constant voltage level or fixed pulsed voltage level. 
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43. An apparatus according to claim 39 wherein the first voltage 
comprises a pulsed voltage having a first duty cycle and the second voltage comprises a 
pulsed voltage having a second duty cycle, 

.44, An apparatus according to claim 43 wherein the first voltage is 
provided over a first time period and the second voltage is provided over a second time 
period that is a different time period than the first time period. 

45. An apparatus according to claim 43 wherein in the ion rejection step, 
the contn>ller further controls the variable voltage supply to provide a third voltage over a 
time period. 

46. An apparatus according to claim 39 wherein the voltage supply 
includes a polarity switch to switch the polarity of the voltage applied to the first and 
second electrodes in the ton rejection stage relative to the polarity applied in the ion 
removal stage. 

47. An apparatus according to claim 39 further comprising a flow control 
device to control the flow of solution, and wherein in the Ion rejection stage, the controller 
controls the flow control device to reverse the flow direction of the solution through the 
solution channel relative to the flow direction in the ion removal stage. 

48. An apparatus according to claim 39 further comprising an ion sensor 
to measure an ion concentration of the regenerated waste solution and generate an ion 
concentration signal, and wherein the controller receives the Ion concentration signal and 
sends a control signal to the variable voltage supply to adjust the voltage applied to the 
first and second electrodes in response to the ion concentration signal. 
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49. A method of treating a solution oonnprising ions in an electrochemical 
cell comprising an ion exchange membrane between electrodes, the method comprising: 

(a) in an ion removal step, flowing solution into the cell while 
applying a voltage to the first and second electrodes to deionize the solution; and 

(b) in an ion rejection step, regenerating the ion exchange 
membrane by flowing solution through the cell while (1) In a first regeneration step, 
supplying a first voltage to the electrodes for a time period, and (2) in a second 
regeneration step, supply a second voltage to the electrodes for a time period, the second 
voltage being a different voltage than the first voltage. 

50. A method according to claim 49 comprising supplying first and second 
voltages having different magnitudes. 

51 . A method according to claim 49 comprising supplying first and second 
voltages having negative values relative to the voltage applied in the ion removal step. 

52. A method according to claim 49 comprising supplying first and second 
voltages that are each a fixed constant voltage level or fixed pulsed voHage level. 

53. A method according to claim 49 comprising supplying a first voltage 
comprising a pulsed voltage having a first duty cycle and the second voltage comprising a 
pulsed voltage having a second duty cycle. 

54. A method according to claim 49 comprising supplying a first voltage 
over a first time period and a second voltage over a second time period that is a different 
time period than the first time period. 

55. A method according to claim 49 comprising supplying a third voltage 
over a time period. 
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56. A method according to claim 49 comprising switching the polarity of 
the voltage applied to the first and second electrodes In the ion rejection stage relative to 
the polarity applied in the ion removal stage. 

57. A method according to daim 49 comprising reversing the flow 
direction of the solution in the cell In the ion rejection stage relative to the flow direction in 
the ion removal stage. 

58. A method according to claim 49 comprising measuring an ion 
concentration of the regenerated waste solution, generating an ion concentration signal, 
and adjusting the first or second voltages supplied to the first and second electrodes in 
response to the ion concentration signal. 
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